In this freemartin case report the authors present the clinical and morphological findings of a freemartin ewe with an abnormal position of two lymph nodes. Freemartins, infertile females from mixed-sex twin pregnancies, are chimeras, having two cell populations: one of their own (XX DNA) and one from their male twin (XY DNA). Freemartins can have varying degrees of phenotypic masculinization, including, in some cases, having active male gonads and exhibiting male behaviors such as heat detection and aggressiveness. During the clinical examination of the freemartin ewe, a morphological abnormality of the vulva, the presence of scrotal sacs, and a lack of mammary tissue development were noted. On inspection of the vaginal channel, an extremely enlarged clitoris, resembling a penis, was found. The clinical evidence suggested freemartinism. After the karyotyping diagnosis confirmation, a necropsy was performed and samples were taken for histology and immunohistochemistry. There were two structures found in the scrotal sacs; however, these were found to be lymph nodes, not testicles, and this was confirmed by CD3 lymph protein coloration. On histological study, the phallic structure showed corpus cavernosum and tunica albuginea. The testicles were found retained inside the abdominal cavity, with the presence of atrophic seminiferous tubules. Although the position of the testicles in freemartins has been reported as highly variable, this is the first time, to the best of the authors' knowledge, that a case has been reported where lymph nodes have been found inside the scrotal sacs. It is possible that these were the inguinal lymph nodes, trapped inside the scrotum during fetal growth and development.
Introduction
In mixed-sex twin pregnancies an anastomosis of the placental blood vessels can occur, resulting in a common fetal circulation. 1 This situation allows the anti-Müllerian hormone of the male embryo to reach the female embryo and promote atrophy of the paramesonephric duct (Müllerian duct), as well as promoting virilization of the structures derived from the mesonephric duct. This causes the freemartin condition in the female embryo. Freemartins are chimeras, having two cell populations: one of their own (XX DNA) and one from their male twin (XY DNA). Freemartins are infertile and they can have varying degrees of phenotypic masculinization; characteristics include narrowing of the vaginal channel, clitoris hypertrophy, mammary tissue hypoplasia, and, in some cases, presence of active male gonads and exhibition of male behaviors such as heat detection and aggressiveness. 2 There is a high incidence of freemartinism in bovines, with the condition occurring in 92% of mixed-sex twin pregnancies. 1, 2 The incidence of Dovepress submit your manuscript | www.dovepress.com The most common morphological finding in freemartin ewes is vulval abnormalities and a narrow vaginal channel. However, there have been some reports of the presence of inguinal scrotal sacs with or without testicular content (without because in some cases the testicles were retained in the abdominal cavity or in the inguinal ring). In the current case, the two structures found in the scrotal sacs suggested testicular content. However, after morphological and histological identification, it was determined that these structures were lymph nodes and that the testes were retained in the abdominal cavity. To the best of the authors' knowledge, this is the first time a case has been reported where lymph nodes have been found inside the scrotal sacs. In this freemartin case report, the authors present the clinical and morphological findings of a freemartin ewe with an abnormal position of two lymph nodes.
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C A S E R E P O RT
Case report Clinical findings
A Pelibüey ewe about a year and a half old was referred to the Large Animal Hospital. Because a sheepfold had only recently acquired the ewe, there were no records of its precedence, its birth, or whether it had come from a mixedsex twin pregnancy. The owner reported that the ewe had a very small vagina that made it impossible to position a progesterone-impregnated sponge. During the clinical examination a morphological abnormality of the vulva, the presence of scrotal sacs, and a lack of mammary tissue development were noted (Figure 1 ). On further inspection it was noted that the vaginal channel was very short and narrow (less than 3 cm), and there was an extremely enlarged clitoris (about 2.5 cm in length), which resembled a penis ( Figure 2A ). In addition, the ewe showed typical male behaviors such as mounting females in heat and being aggressive toward the operator when entering the shed. The clinical evidence was suggestive of freemartinism.
Diagnosis of freemartinism by karyotype test
A blood sample from the jugular vein was taken in a vacutainer tube with 14 IU of heparin. Peripheral blood lymphocytes were cultured under sterile conditions, using standard methodologies. In addition, a karyotype analysis was performed using conventional Giemsa stain to color the chromosomes. A total of 126 metaphases from the cultured lymphocytes were analyzed, and freemartinism was confirmed by the presence of two cell lines: 54XX (82/126 = 65%) and 54XY (44/126 = 35%).
Necropsy findings
The necropsy was performed on June 10, 2011. All the morphometric measurements of the internal organs were normal. When skin and annexes were inspected, a pendulous skin fold at the inguinal region was found. This skin had characteristics compatible with a scrotum. Inside these scrotal sacs, there were two ovoid structures, with diameters of 2.4 and 2.8 cm. The location of these structures within the scrotal sacs was suggestive of male gonads, but their external and internal appearance was not consistent with testicles ( Figure 3A) . Additionally, the longitudinal dissection of the vulva further revealed the phallic structure noted during the clinical examination. There was a serous fold (similar to the glans penis) in the cranial portion of this structure, continued by a body of penis (3.2 cm in length) and an irregular tract similar to the sigmoid flexure of a ruminant's penis ( Figure 2B ). When the abdominal cavity was explored, two vascularized structures with the appearance of male gonads were found ( Figure 4A ). The right structure was 2.2 cm in diameter; the left one was only 0.9 cm in length and it was apparently atrophic ( Figure 4B ). When those structures where cut, a trabecular zone that converges to a medullary region was found. A tubular body resembling the epididymis was present on the surface of both structures. This body was continued with a vascular and sinuous structure that appeared to be the spermatic cord. The male gonadal structures were joined to the penis (penile urethra) across a series of ducts. By the conclusion of the necropsy it was evident there was an absence of female gonads and uterus.
Histological findings
Samples were fixed in 10% formalin, and histological sections were stained with hematoxylin and eosin. All the photos were taken with a digital camera (Lumix DMC-FS12; Panasonic, Osaka, Japan) adapted to a light microscope (Eclipse E200; Nikon, Tokyo, Japan). The cross-sections of the phallic structure showed, from outer to inner sections, the following composition: epidermal layers consistent with foreskin, connective tissue, a smooth circular muscle structure consistent with the tunica albuginea, and a corpus cavernosum ( Figure 2C ). The male gonads found inside the abdominal cavity showed external connective tissue projected into the parenchyma, which is compatible with the testicular tunica albuginea ( Figure 4C and D) . The parenchyma consisted of atrophic seminiferous tubules coated with a poor germinal epithelium. The tubular body found on the surface of the testicles was confirmed as the epididymis ( Figure 5A ); this body presented simple cubic epithelia with fewer stereocilia than expected ( Figure 5B and C) . A large muscular layer and a simple cubic to flat epithelium, comprising the vas deferens, characterized the tubular structures linking the urethral tract to the gonads ( Figure 6A and B) . Histologically, the content of the scrotal sacs revealed a lymph node organization, rejecting the initial suspicion of testicular content ( Figure 3B ). The nodes comprised an outer cortex and an inner medulla, and a fibrous capsule, which had extended to form the trabeculae, surrounded them. Sinusoids and lymphoid aggregates were observed within the structures. An immunohistochemical analysis was performed in order to mark the CD3 lymphoid protein and to confirm the diagnosis. This was performed submit your manuscript | www.dovepress.com
Dovepress
3
Abnormal position of lymph nodes in a freemartin sheep showing the epididymis and irregular tubular structures supported by interstitial connective tissue; (B) photomicrograph with hematoxylin and eosin stain (40× magnification) showing detail of the epididymal epithelia -there is an absence of pseudostratified epithelium, but a simple cubic epithelium, with some cilia, is present; (C) cilia detail (100× magnification).
using 3-5 µm tissue sections embedded in paraffin, following a standard process. To identify the CD3 protein, a monoclonal antibody was used (M7254; Dako, Glostrup, Denmark). Negative and positive controls were employed, and incubation for all assays (CD3, positive and negative control) was carried out at room temperature for 2 hours. Stain dyes used were 3.3′-diaminobenzidine (Novocastra, Newcastle, UK) and hematoxylin. Multifocal positive immunostaining was found in both structures ( Figure 3C ).
Discussion
Most of the sheep breeding systems in Colombia are very low-tech, which makes it difficult to collect any productive or reproductive data. Because of this, there is no information available on twin pregnancies or the incidence of freemartinism in sheep in Colombia. Furthermore, most of the sheep producers do not measure vaginal length (less than 5 cm long indicates freemartinism) and do not perform cervical palpation. 3, 4 To date, all of the clinical reports of freemartinism made in Colombia focus on cattle. The karyotype test established that the ewe was a chimera, having an XY cell line, and this confirmed the freemartin diagnosis. The necropsy findings were generally consistent with those reported by other authors. The phenotypic morphological findings for freemartins can vary, depending on the degree of masculinization. Cinzia et al 7 evaluated nine Sarda-Lacaune backcross freemartin ewes and found different vulvar morphologies including a normal, hypoplastic, or hypertrophic vulva, with or without a hypertrophic clitoris. In contrast, the current case found a clearly enlarged and irregularly shaped vulva, with a hypertrophic clitoris similar in morphology to a penis. Additionally, Santucciu et al 8 found vaginal aplasia (1-2 cm in length), which is consistent with the findings of the current case. Other studies have also reported poor development in the mammary tissue. 3, 9 Position of the testicles is extremely variable in freemartins: testes have been found in the scrotum, inguinal canal, abdominal cavity, and subcutaneous tissue. [10] [11] [12] [13] [14] In the current case, the testes were retained in the abdominal cavity -the two structures inside the scrotum were actually lymph nodes. It is possible that these retained testicles were active, as the ewe exhibited male behaviors; however, the serum testosterone concentration was not measured, so this cannot be confirmed.
Conclusion
To the best of the authors' knowledge, this is the first time a case has been reported where lymph nodes have been found inside the scrotal sacs. It is possible that these structures were the inguinal lymph nodes, trapped inside the scrotum during fetal growth and development. Unfortunately, the likely cause of the abnormal position of the lymph nodes inside the scrotal sacs could not be determined.
